Three different strains of bacteria isolated from spoiled, uncooked chicken were grown in pure culture on Trypticase soy agar supplemented with yeast extract. The volatile organic compounds produced by each culture were concentrated on a porous polymer precolumn and analyzed by high-resolution gas chromatographic mass spectrometry. Twenty different compounds were identified. Both qualitative and quantitative differences in the chromatographic profiles from each culture were found.
Three different strains of bacteria isolated from spoiled, uncooked chicken were grown in pure culture on Trypticase soy agar supplemented with yeast extract. The volatile organic compounds produced by each culture were concentrated on a porous polymer precolumn and analyzed by high-resolution gas chromatographic mass spectrometry. Twenty different compounds were identified. Both qualitative and quantitative differences in the chromatographic profiles from each culture were found.
At refrigerated temperatures, the spoilage of meat, poultry, and fish is ascribed to microbial action (1, 8, 9, 10) and not to tissue autolysis (8, 9, 16) . The often prevalent spoilage odor is directly related to the volatile chemicals produced by microbial action. The types of microorganisms present during spoilage are responsible for the chemicals produced and hence the spoilage odor. Furthermore, different conditions favor the growth of different types of microorganisms, which thus affect the nature of the spoilage and the spoilage aroma (2) .
In general, the specific activities of microorganisms on fresh meat, poultry, and fish at refrigerated temperatures are poorly understood (10) . It seems reasonable to expect, however, that determination of the compounds which characterize spoilage aroma, the environmental conditions under which these compounds are produced, and the microorganisms responsible for the specific compounds in the spoilage aroma would help to further elucidate this microbial spoilage pattem. One approach to such a study is the isolation of the different bacterial strains from a spoiled product and then the collection and identification ofthe volatile metabolites produced by each of these strains grown separately under controlled conditions on several substrate types. These substrate types could include welldefined and carefully prepared agar plates as well as aseptic muscle tissues. With the information gained from these experiments, one should be able to identify the microorganisms responsible for spoilage of refrigerated meat products by identification of the volatile compounds in the spoilage aroma.
The identifications of a number of highly volatile metabolites produced by microorganisms growing on chicken and fish have recently been reported (4, 7, 11) . Although the highly volatile compounds are important to the spoilage aroma, the less volatile components may exert an equally important influence as far as spoilage parameters are concerned. This paper reports the first in a series of studies involving the spoilage aroma of uncooked, refrigerated chicken. Three different strains of bacteria that had previously been isolated from spoiled, uncooked chicken (7) were grown in pure culture on Trypticase soy agar, and the compounds produced by each of these strains were identified. A methodology is described for the preconcentration of spoilage aroma volatiles and subsequent identification of these compounds by high-resolution gas chromatographic mass spectrometry. Identification of compounds was accomplished by combined gas chromatography-mass spectrometry using a Hewlett-Packard model 5920A gas chromatograph-mass spectrometer and 5934A data system. The glass capillary column used in this system had the same specifications as the one used in the PerkinElmer 3920B series gas chromatograph described above. Electron impact ionization with an ionization energy of 70 eV was used. Spectra were obtained at the scan rate of 80 atomic mass units/s.
MATERIALS AND METHODS

RESULTS
The compounds identified from the three cultures in this study are listed in Table 1 . The APPL ENVIRON. MICROBIOL. peak number assigned to each compound in Table 1 can be used to locate the peak of that specific compound in the illustrated chromatograms ( Fig. 1 and 2 ). The chromatogram of the uninoculated TSY agar is shown in Fig. 1B . The compounds identified in this blank are benzaldehyde, 1-undecene, and 4-methyl-2,6-di-tertiarybutylphenol. The latter compound results from decomposition of the porous polymer in the injection port. A very polar compound exhibiting significant tailing was found in the TSY agar control but not in the chromatograms produced by the volatiles of the three cultures.
The chromatogram produced by the volatiles from P. fluorescens is illustrated in Fig. 1A Volatiles produced by the Moraxella oxidative culture led to the chromatogram illustrated in Fig. 2A . Methylisobutyrate (peak 7), n-butylacetate (peak 11), and dimethylbenzene (peak 13) were found in this culture but not detected from the volatiles of the other two cultures. Figure 2B represents the chromatogram produced from the separation of the volatiles pro- duced by P. putida. Methylbenzoate (peak 16) was detected in significant amounts from this culture and was not found in the analysis of the volatiles from the other two cultures. Although 1-undecene (peak 18) was found in the volatiles from the uninoculated TSY agar, it increased significantly in concentration in all three bacteria cultures, which suggests that all three are capable of producing this compound. Figure 3 illustrates the degree of reproducibility of the chromatograms obtained from two additional samplings of the volatiles generated by the Moraxella oxidative culture. All three cultures consistently displayed reproducible chromatograms. 
DISCUSSION
In an earlier study by Freeman et al. (7), a low-temperature, high-vacuum distillation technique was used to collect a total aroma condensate that was then separated into several fractions and subsequently analyzed by combined gas chromatography-mass spectrometry. Although over 20 compounds were identified, the procedures were time consuming, and only the more volatile constituents were effectively analyzed. On the other hand, the precolumn concentration technique using Tenax GC porous polymer as an adsorbent has been shown to be very efficient for sampling and concentrating volatile t:
---+ X --* h + - . _ . . , _ , _ . organic compounds from the headspace of a number of samples including body fluids (14, 17) , drinking water (5, 6), tobacco leaf aroma (13) , and air (3, 15) . Tenax GC has an extremely high capacity for the retention of organic compounds and little retention for water. Furthermore, sample collection is simplified to one easy step which requires very minimal and inexpensive equipment. This simplification greatly enhances the reproducibility of comparative analyses as long as all samples are treated in an identical fashion. A detailed discussion of the preconcentration step and the significance of the resultant chromatographic profile is given in an earlier study (12) . It is sufficient to say here that the chromatographic profile is a result of a number of factors, including the amount of Tenax in the precolumn, the temperature of the precolumn during sampling, the temperature of the sample during sampling, and the total sampling time. If these parameters are kept constant, very precise measurements can be made, as can be seen by comparison of the chromatograms in Fig. 3 .
In comparing results of this study with those reported earlier (7) , several generalizations can be made. The cryogenic trapping technique included the identification of several highly vola- More specifically, only dimethyl disulfide was identified from the P. putida culture growing on TSY agar in the earlier study (7) , whereas in the current study dimethyl disulfide was identified in addition to a number of other compounds listed in Table 1 In summary, a method has been developed which uses a combination of sample preconcentration, high-resolution gas chromatographic separation, and mass spectrometric identification for the analysis of complex mixtures of organic compounds produced by microorganisms during spoilage. The resultant chromatographic profiles are unique to the microorganisms studied. This methodology is presently being used for the study of compounds prQduced by microorganisms on uncooked chicken muscle.
